INTRODUCTION
The Planar Inverted-F Antenna (PIFA) is widely used for cellular phones due to the compactness and size [I]. The demand for communication devices for personal communication systems has led to a constant search for ways to reduce the antenna dimensions. Applications such as triple band antennas, Bluetooth antennas, and antennas for Global Position System are emerging and thus the complexity and the requirements to the antenna system continue to increase. It is expected that high isolation between two or more frequency bands is essential in many future applications. The task is complicated by the fact that the overall size of the mobile phone and the frequency separation between the different bands continue to decrease. In order to meet these demands, physically small antenna elements with low coupling are required.
The objective of this paper is to present the results of numerical investigations of the coupling between two equal PIFA antennas. To analyse the antenna, the method of moment computer program, IE3D. was used to predict the performance of the antennas in terms of the scattering parameters. The simulated results for the PIFA located above a finite ground plane are compared to the corresponding experimental results to show the validity of this approach.
The main objective of this research is to explain the coupling between two equal FIFA antennas. Symmetrical as well as unsymmetrical coupling scenarios using two identical PIFAs located close to each other is investigated in order to determine the mutual coupling versus distance for fixed orientations, and mutual coupling versus rotation of the antennas for fixed distance. The results illustrate that the orientation and the location could be optimised to ohtain minimum coupling.
ANTENNA CONFIGURATION
The PIFA investigated consists of a 4 0 x 1 mm2 patch located 15 mm above an infinite perfect conducting ground plane. The feed line is located 13 mm from the edge where a 90' bend forms the short circuit to the ground plane.
In the first two setups the PlFAs are vertically separated by 10 mm, with a horizontal distance. d, that is defined so that d is positive in the case illustrated in the vignette in Figure   2 In Figure I , the simulated reflection coefficient is compared to the corresponding measurements made on a PIFA located on a 40 x 100 mm2 ground plane. The comparison yields very good agreements. At a resonant frequency of 1.89 GHz the simulated bandwidth (lSg,l< -6 tdB) is 12 %, which is slightly lower than for the measured result (14 %). The observed deviation is mainly due to the cable used in the measurements and the simulated ideal assumption, Le., lossless and in free space, as compared to the ROHACELL material used for the prototype. 
IV. NUMERICAL RESULTS
Simulations on two equal PIFAs located on an infinite ground plane are carried out in order to determine the mutual coupling. The results shown in Figure 2 and 3 are obtained using a finite number of samples, thus the results differs from the expected smooth curves.
A. Mutual Coupling versus Distance for Fixed

E. Mutual Coupling versus Rotation of the Antennas for Fixed Distances:
In the 26 setups that all together describe all cases of the mutual orientation, the simulated SI, parameters show that the bandwidth, within which the reflection coefficient is better than -6 dB, is from 1.81 to 2.07 GHz, this is unchanged compared to the bandwidth for the single PIFA, which indicates a rather low coupling. Using the geometrical centre of the PIFA as the centre of rotation makes it possible to define the two distances that is used in Figure 4 . These are defined as the distance between the open ends of the two PlFAs and the distance between the shorting pins of the two PIFAs. The results differ from the expectations since the simulated coupling indicates that only 1.8 dB separates the lowest from the highest coupling. The highest coupling, SZI = -21.8 dB are found when the PIFAs are orientated such that the shorting pins are in the opposite ends, i.e., the maximum distance (0; 180). The lowest coupling, Szl = -23.6 dB. are found when the shorting pins are located in the opposite ends, i.e.. the minimum distance (180; 0). Immediately, one would expect that the largest difference should be between a parallel and an orthogonal setup as for the Hertzian dipole.
C. Discussion of the results: To analyse the performance of the PIFA located above an infinite plane conductor, the image theory will be introduced to account for the reflections. The , PIFA could he assumed to consist of two radiating components, namely the feed line (and the shorting pin) and the patch it self, the feed line being vertical, the patch horizontal. For an incident electric field with vertical polarisation, the polarisation of the reflected waves must also he vertical and with a polarity in the same direction as that of the actual source to satisfy the boundary conditions. For the radiating element in a horizontal orientation, it follows that the image is placed at a distance equal to the antenna height below the interface with a 180" phase difference relative to the actual source. The radiation from the horizontal element and its image cancel in the plane at the ground plane; thus major parts of the radiated field originate from the feed line. This explains the rather low deviation in the field as a function of the mutual orientation, illustrated in Figure 4 . This is also in accordance with the fact that the highest coupling is found when the PlFAs are orientated such that the shorting pins are located in the opposite ends, i.e., maximum distance.
From a theoretical point of view a decrease in the field amplitude, hence coupling, is expected when the distance is increased, thus it seems reasonable that the distance between the open ends dictates the coupling. The results shown in Figure 4 support that.
Figure 4 also shows several points having the same distance but different coupling; this phenomenon is expected to be due to the polarisation of the PIFA.
The results for the coupling versus distance between the open ends and the shorting pins are shown in Figure 4 . The results illustrate how to optimise the orientation and location to obtain minimum coupling. This result is in agreement with the results shown in section A.
V. CONCLUSIONS
The Planar Inverted F-Antenna (PIFA) has been characterised using lE3D. The prototype has a slightly higher bandwidth, mainly due to the cable used in the measurements and the simplifications used in the program model, whereas the resonant frequency is unchanged.
In accordance to the theory it is found that two identical PlFAs closely spaced affects each other. The resonant frequency is most affected at setups where the open end and the feed line are vertically on line. Maximum coupling is obtained when the antennas are overlapping each other, highest for the setup having the feed line in opposite ends. For the setup of mutual rotation of the PlFAs the expected inverse proportionality between the coupling and the distance is not easily identified. However, the results states that it is most likely that it is the distance between the open ends of the PlFAs that dictates the coupling. Thus minimum coupling between two identical PlFAs is obtained when they are oriented such that the distance between the open ends is maximised; however the coupling mechanism is more complex than that.
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